I ncreases in life expectancy make remaining free of disease and in good functional health for as long as possible an important objective for the present and future generations. 1 Most research in this domain has focused on risk factors for single health outcomes, such as mortality, chronic diseases or functioning. However, good health at older ages is a multidimensional concept, having been defined variously with reference to absence of disease and good functional status. [2] [3] [4] [5] There is considerable research on disability outcomes at older ages, 2, [6] [7] [8] but less attention has been paid to successful aging combining favourable functioning outcomes with good mental health and the absence of chronic diseases and disability. [9] [10] [11] [12] [13] Smoking, alcohol consumption, poor diet and physical inactivity are among the top 10 leading risk factors for death and disability in intermediate-and high-income countries.
14 There is increasing interest in the combined effect of these behaviours on health. Studies show that people who engage in multiple unhealthy behaviours have a higher risk of death, [15] [16] [17] [18] [19] [20] [21] [22] [23] chronic disease [24] [25] [26] [27] [28] [29] [30] and poor cognitive function than people who do not engage in as many unhealthy behaviours. 31 However, whether healthy behaviours determine good functional status at older ages, combined with the absence of chronic diseases, remains unknown.
Our objective was to examine the extent to which individual and combined healthy behaviours in midlife predict successful aging about 16 years later, at 60 years of age or older. We used a comprehensive definition of successful aging that included having good mental health, having good cognitive, physical and cardiorespiratory function, and being free of disability and chronic disease (coronary artery disease, stroke, diabetes and cancer).
Methods:
We used a prospective cohort design involving 5100 men and women aged 42-63 years. Participants were free of cancer, coronary artery disease and stroke when their health behaviours were assessed in 1991-1994 as part of the Whitehall II study. We defined healthy behaviours as never smoking, moderate alcohol consumption, physical activity (≥ 2.5 h/wk moderate physical activity or ≥ 1 h/wk vigorous physical activity), and eating fruits and vegetables daily. We defined successful aging, measured over a median 16.3-year follow-up, as good cognitive, physical, respiratory and cardiovascular functioning, in addition to the absence of disability, mental health problems and chronic disease (coronary artery disease, stroke, cancer and diabetes).
Results:
At the end of follow-up, 549 participants had died and 953 qualified as aging successfully. Compared with participants who engaged in no healthy behaviours, participants engaging in all 4 healthy behaviours had 3.3 times greater odds of successful aging (95% confidence interval [CI] 2.1-5.1). The association with successful aging was linear, with the odds ratio (OR) per increment of healthy behaviour being 1.3 (95% CI 1.2-1.4; population-attributable risk for 1-4 v. 0 healthy behaviours 47%). When missing data were considered in the analysis, the results were similar to those of our main analysis.
Interpretation:
Although individual healthy behaviours are moderately associated with successful aging, their combined impact is substantial. We did not investigate the mechanisms underlying these associations, but we saw clear evidence of the importance of healthy behaviours for successful aging.
Materials and methods

Study population
We used data from the Whitehall II cohort study, which was established in 1985-1988 and involving 10 308 British civil servants (67% men) aged 35-55 years. 32 Participants gave their written consent to participate in the study, and the ethics committee of the University College London approved the study. The Whitehall II study design consists of a clinical examination about every 5 years: 1985-1988, 1991-1994, 1997-1999, 2002-2004 and 2007-2009 .
The target population of our study comprised all participants of this occupational cohort for whom data on healthy behaviours in 1991-1994 were available, and who were at least 60 years old at the end of follow-up (2008-2009), with no history of stroke, myocardial infarction or cancer in 1991-1994 (n = 6599). Our analysis included the 5100 participants for whom data on the outcome variables were available ( Figure 1 ).
Baseline measures (1991-1994)
We assessed participants' healthy behaviours based on their responses to a questionnaire. We categorized smoking status as "current," "former" and "never smoked." We assessed alcohol consumption by asking for the number of alcoholic drinks consumed in the past 7 days, and categorized consumption as "abstinence from alcohol" (no alcohol in the last week), "moderate alcohol consumption" (1-14 units/wk for women; 1-21 units/wk for men) 33 and "heavy alcohol consumption" (≥ 15 units/wk for women; ≥ 21 units/wk for men). A participant's level of physical activity was categorized as "active" (≥ 2.5 h/wk moderate physical activity or ≥ 1 h/wk vigorous physical activity) or "inactive" (no physical activity). 31, 34 We assessed dietary behaviour by asking for the frequency with which fruits and vegetables were eaten.
We defined participants as having healthy behaviours if they met the following criteria: never smoked, moderate alcohol consumption, 17, 33 physically active, and eating fruits and vegetables daily. For further information on this categorization, see Appendices 1 and 2 (available at www .cmaj .ca /lookup /suppl /doi: 10. 1503 /cmaj .121080 / -/ DC1).
The sociodemographic variables in our analysis were age, sex, marital status and level of education (5-level variable), as described previously. We assessed mortality using the national mortality register kept by the National Health Services Central Registry and the National Health Service identification numbers assigned to each British citizen. Among surviving participants, we defined successful aging at 60 years of age or older as satisfying each of following criteria: no history of cancer, coronary artery disease, stroke or diabetes; good cognitive, physical, respiratory and cardiovascular functioning, and the absence of disability; and good mental health.
We assessed chronic diseases throughout follow-up (from 1991-1994 to 2007-2009). We determined the incidence of coronary artery disease using clinically verified events, including myocardial infarction and definite angina. We defined nonfatal myocardial infarction using the Monitoring Trends and Determinants of Cardiovascular Disease (MONICA) criteria, 36 and determined its incidence using data from resting electrocardiographs (ECGs) taken during the Whitehall II study, hospital records of ECGs and cardiac enzyme levels. We identified definite angina using a questionnaire 37 and corroborated cases with medical records or abnormal results on resting ECG, exercise ECG or coronary angiography. 38 We assessed stroke using a selfreported measure of physician diagnosis. We defined diabetes mellitus as a fasting blood glu- cose level of 7.0 mmol/L or more, a 2-hour postload blood glucose level of 11.1 mmol/L or more, self-reported doctor-diagnosed diabetes or the use of medications for diabetes. 39 We identified cases of cancer using the National Health Service's cancer register.
We assessed disability based on participants' responses to 14 questions on perceived difficulties in basic 40 and instrumental activities of daily living. 41 Participants with difficulties in one or more activities were considered to have a disability.
We assessed functioning during the 2007-2009 clinical examinations using standard protocols (Appendix 1). We defined poor functioning as scores in the lowest sex-and age -standardized quintile (i.e., below the 20th percentile) for each measure of functioning, with the exception of blood pressure. For blood pressure, the highest quintile (i.e., above the 80th percentile) was used. We assessed cognitive functioning using a score of global cognition calculated from 5 cognitive tests; 42 we assessed physical functioning using walking speed measured over an 8-footlong course; 43, 44 we assessed respiratory function using forced expiratory volume in 1 second; 44 and we assessed cardiovascular function using systolic blood pressure (an average of 2 measurements in a sitting position after a 5-min rest using a sphygmomanometer [OMRON HEM 907]).
We defined good mental health as a score of more than 42 points on the mental health component of the short-form general health survey 45, 46 included in the 2007-2009 questionnaire.
Statistical analysis
We defined 3 categories of outcome: successful aging, death during follow-up and normal aging. The normally aging group included all participants who were alive at the end of follow-up, but who were not classified as aging successfully. We performed 2 separate logistic regressions: the first to estimate the odds ratios (ORs) for successful aging (with normal aging/death as the noncases), and the second to estimate the ORs for survival (with death as the noncases). To test whether the associations with healthy behaviours differed by sex, we tested statistical interactions between each behaviour and sex using the Wald test.
To estimate the contribution of healthy behaviours to successful aging, we calculated population-attributable risk (PAR) for individual and combined healthy behaviours. Populationattributable risk is the reduction in the rate of a disease that would be seen if the population were entirely unexposed to the risk factor, compared with the current pattern of exposure. Applied to successful aging, PAR represents the gain in cases of successful aging that would be achieved if everyone engaged in healthy behaviours, assuming that the association between healthy behaviours and successful aging is causal. The relation can be expressed by the following equation:
where f is the proportion of healthy behaviours in the total population at baseline, and OR is the odds ratio for successful aging for the specific healthy behaviour compared with the reference. We adjusted these estimates for covariates in a fashion similar to the corresponding logistic models for ORs.
In our first set of analyses, healthy behaviours were entered together in a model adjusted for age, sex, level of education and marital status. We then used the same method to assess the association between the number of healthy behaviours and successful aging and survival. To test whether there was a dose-response relation between the number of healthy behaviours and each outcome, we treated the number of healthy behaviours in the logistic model as a continuous variable; the Wald test p for this variable was the test for linear trend, and p less than 0.05 was considered significant. Finally, we examined separately the association between the number of healthy behaviours and each measure of funcResearch CMAJ, December 11, 2012, 184 (18) 1987 tioning using separate logistic regression models for each functioning outcome. The p for trend was estimated using the p associated with the number of healthy behaviours when entered as a continuous variable in the logistic regression models. We did several sets of sensitivity analyses. To assess whether the association with successful aging was influenced by deaths, we excluded deaths from the analytic sample. In addition, because scores on the mental health component of the 2007-2009 questionnaire are known to improve with age, we tested the robustness of our results using age-and sex-specific quintiles to define good mental health. Finally, to examine the extent to which missing data influenced our results, we used inverse probability weighting (see Appendix 1 for further details).
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Results
We included 5100 participants in the study. The mean age of participants was similar to that of the 1499 people excluded from our analysis because of missing data on health outcomes (51.3 v. 51.4 yr, p = 0.50) (Table 1) . However, the analytic sample comprised fewer women (29.5% v. 38.6%, p < 0.001) and more participants with healthy behaviours other than smoking (Table 1) .
Among participants, 549 died during followup, and 953 met the criteria for successful aging
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CMAJ, December 11, 2012, 184(18) †Participants who were alive at the end of follow-up, but who were not classified as successful agers. ‡Calculated using available data. For stroke, data were missing for 239 participants; for cancer, data were missing for 6 participants; for diabetes, data were missing for 5 participants. Table 3) .
In our study population, 4.9% of the participants engaged in no healthy behaviours (score = 0), 18.3% engaged in 1 (score = 1), 33.8% engaged in 2 (score = 2), 31.3% engaged in 3 (score = 3), and 11.8% engaged in 4 (score = 4) (data not shown). The mean change in score 5 years later was small for both the normally aging group (0.08 ± 0.95) and the successfully aging group (0.00 ± 0.95) (data not shown). By the end of follow-up, the mean score for healthy behaviours had increased in both groups (0.10 ± 1.00 for the normally aging group; 0.17 ± 0.95 for the successfully aging group) (data not shown). The correlation between repeated measurements of the score was 0.58 (Spearman correlation, p < 0.001, n = 4381) at 5 years' followup and 0.53 (Spearman correlation, p < 0.001, n = 4186) at the final follow-up (data not shown).
Compared with participants who engaged in no healthy behaviours at baseline, participants who engaged in 2 or more healthy behaviours had greater odds of successful aging and survival ( Figure 2) . The OR for having at least 1 healthy behaviour was 1.92 for successful aging (PAR 46.6%) and 2.32 for being alive at the end of follow-up (PAR 55.6%) (Figure 2 ). The benefit of healthy behaviours appeared to increase linearly (Wald test, p < 0.001): when the score for healthy behaviours was entered in the logistic model as a continuous variable, the OR per 1 additional healthy behaviour was 1.33 (95% CI 1.24-1.43) for successful aging and 1.39 (95% CI 1.27-1.52) for survival.
As the number of healthy behaviours increased, so did the odds of absence of disability; good lung, cognitive and physical functioning; and mental health (Table 4 , all p for trend < 0.001; Appendix 3, available at www .cmaj .ca /lookup /suppl /doi:10.1503/cmaj.121080/-/DC1). We saw no corresponding association for systolic blood pressure before taking into account antihypertensive drugs; repeating the analysis using medication data and good systolic blood pressure to define good functioning showed a clear association with the number of healthy behaviours (p for trend < 0.001).
Our sensitivity analyses showed that excluding deaths from the main analysis did not change the association between healthy behaviours and successful aging (OR per 1 additional healthy behaviour was 1. 
Interpretation
Among members of a large cohort of British men and women 42-63 years of age at baseline, all 4 healthy behaviours examined during midlife (i.e., never smoking, moderate consumption of alcohol, engaging in some physical activity and eating fruits and vegetables daily) were associated with greater odds of successful aging during a 16-year follow-up. Compared with participants who engaged in no healthy behaviours, those who engaged in all 4 healthy behaviours had greater odds of aging successfully.
The benefits of healthy behaviours appeared to increase linearly as a function of the number of healthy behaviours present. In addition, the effect of healthy behaviours does not appear to be confined to any particular domain of successful aging. Associations were evident for each of the functional domains we measured: cognitive, mental, respiratory and cardiovascular.
Our findings advance current knowledge on successful aging. have examined the importance of healthy behaviours for successful aging, with successful aging defined using both good functioning and the absence of disease. [10] [11] [12] The associations we saw were similar to those from previous studies, [10] [11] [12] with the exception of physical activity. The association between physical activity and successful aging has shown heterogeneity across studies. In addition, our study shows the cumulative impact of healthy behaviours on successful aging -the greater the number of healthy behaviours, the greater the benefit. Furthermore, our sensitivity analyses show that the increased risk of death associated with unhealthy behaviours does not explain our results.
Strengths and limitations
Our study's strengths include its comprehensive definition of successful aging based on a large set of objective functioning measures, its prospective design and long follow-up, and its large sample size.
We did not examine the mechanisms underlying the associations we saw in this study.
Because our results are from a study involving an occupational cohort, the participants are healthier than the general population. 52 Few of the participants engaged in very unhealthy behaviours, such as heavy alcohol consumption. For this reason, it is possible that some of the associations we report are underestimated.
We were not able to determine health status for some of the participants owing to missing data on functional outcomes. Because participants who dropped-out were more likely to have health problems, 53 ,54 the associations we report may be underestimated. However, sensitivity analyses using inverse probability weighting suggested that any bias due to missing data is likely to be small.
Because we assessed health behaviours using self-reports, our data could be subject to potential measurement errors.
The variables used to construct the outcomes were available at different times -chronic diseases throughout follow-up, and functioning measures at the end of the follow-up. Thus, it was not possible to examine the association between the duration of exposure and the outcomes. Such analyses may have been biased by reverse causation.
The sample population did not include anyone older than 80 years, so we were unable to examine whether our results extend to older age groups.
Conclusion
Although individual healthy behaviours are moderately associated with successful aging, their combined impact is quite substantial. Multiple healthy behaviours appear to increase the chance of reaching old age disease-free and fully functional in an additive manner. Our results should motivate lifestyle changes that not only reduce mortality and morbidity, but also improve quality of life at older ages.
